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Abstract
The multi-fixation glaucoma screening chart, which uses the oculokinetic perimetry (OKP) technique, is a hand-held tangent screen with a central black test stimulus on a white background and a series of 26 31 right eyes of 31 normal individuals (aged 60-85 years) were tested with a 3 mm diameter stimulus. All eyes were also tested with conventional perimetry and the results of the conventional perimetry were categorised according to the AulhornKarmeyer classification by four ophthalmologists without any knowledge of the OKP results. When the 1-5 mm stimulus was used, a true positive OKP result was obtained in 45% of eyes with relative scotomas, 81% of eyes with small absolute scotomas separate from the blind spot and 100% of eyes with more severe visual field defects. In the control group, a false positive result was obtained in 1% ofthe patients under the age of60 years, 9% of patients aged 60-70 years and 13% of patients older than 70 years. When the 3 mm stimulus was used in the glaucomatous patients above the age of 60 years, the OKP test was positive in 33% of eyes with relative scotomas, 56% of eyes with small absolute scotomas, 80% of eyes with absolute scotomas connected to the blind spot, and 100% of eyes with altitudinal defects. None of the control subjects produced a positive result with a 3 mm stimulus. The OKP glaucoma test may be a useful adjunct to ophthalmoscopy and tonometry when screening for glaucoma in situations which preclude conventional perimetry. (BrJ Ophthalmol 1993; 77: 332-338) The detection of glaucoma in the community is an unresolved problem. Most The main aim of this study was to evaluate the sensitivity and specificity of an improved glaucoma visual field screening chart with a 1 5/ 400 mm black stimulus. When the results of this investigation were obtained, the study was extended to establish the effect of using a larger test stimulus (that is, 3/400 mm).
Materials and methods
The hand-held device consisted of a white card (29-5 cmx 42 0 cm), with a campimeter on each side, for the examination of the left or right eye respectively, and a black eye occluder fitted to the lateral edge of the card by means of a rigid arm (Fig 1) . This side-arm ensured that the correct side of the card was presented to the eye and that the card was held at the proper distance (40 cm). In the first part of the study, the stimulus was a 1-5 mm diameter black spot (1-8 mm2) . This subtended a visual angle of 0 2 degrees, and was known to have a normal 'isoptre' of approximately 20 degrees in keeping with recommendations for the detection of glaucoma using a white stimulus on a black tangent screen. In the second phase of the study, a 3 0 mm diameter stimulus was used (7-1 mm2), which subtended a visual angle of 0 4 degrees. The first fixation target consisted of the letter 'L' or 'R', depending on the eye being examined, and tested the left or right blind spot respectively. The 26 numbered fixation targets spiralled towards the centre of the chart to examine the field at 12 5 degrees superiorly, 15 degrees nasally and inferiorly, and at additional points more centrally.
These fixation targets were coloured light blue so that the patient would not confuse them with the central black test stimulus. A set of instructions was printed adjacent to each test grid, for the benefit of unaccompanied patients and in expert examiners. These advised the patient to look at each fixation target for about 1 second and stated that the test result was abnormal if any numbers consistently made the black spot disappear and recommended full ocular examination using standard methods if a defect was suspected.
The oculokinetic perimetry (OKP) was performed under good illumination (photopic level, 100-150 lux with 0-2 log unit variation). During the OKP test, the right eye was examined first, with appropriate correction for presbyopia, if necessary. If the edge of the bifocal segment interfered with the examination, the patient was advised to tilt the head backwards or forwards to move the chart into the central part of the near segment. All examinations were performed under supervision, with the stimulus left constantly exposed. If any numbers were reported by the patient to be associated with disappearance of the stimulus, these were deleted on the record sheet by the examiner and the eye was reexamined. This was done without comment by the examiner so as to avoid bias.
Suprathreshold conventional perimetry was performed with three zone quantification (normal, relative, or absolute field loss) before or after the OKP, by an optometrist using either the Friedmann visual field analyser, Dicon 3000 Autoperimeter, Tubingen perimeter or Henson visual field analyser. These perimeters have the same maximum stimulus brightness (1000 Apostilb) and the criterion ofa relative or absolute defect is uniform between different devices. Despite the fact that suprathreshold static perimetry with single and multiple stimuli and suprathreshold kinetic perimetry represent different types of testing with major instrument design differences and non-identical response properties, they all give similar results in the detection of visual field loss.'9 20 The depth of all detected glaucomatous visual field defects is the same with similar topographical distribution when quantified with single kinetic and multiple static stimuli. 21 Fig  2B) . Figure 3 shows the results according to age groups. A subgroup of 95 eyes of 66 patients attending the glaucoma clinic had no evidence of glaucomatous visual field loss in one or both eyes on conventional perimetry. These eyes had ocular hypertension and/or abnormal optic disc appearances or definite glaucoma in the fellow eye. In this group, an abnormal OKP result occurred in 24% of eyes and was more common in patients older than 60 years ofage (8% vs 30%; p<0 01, x test) (Fig 4B) and in eyes with a visual acuity of less than 6/6 (6-4% vs 41-7%; p<0-01, x2 test) (Fig 5) .
The cumulative sensitivity of the points examined by the multifixation campimeter with 1-5 mm stimulus showed that the most informative parts of the test array were situated 12-5 degrees superotemporally and 15 degrees superonasally, nasally, and inferonasally (Fig 6) . degrees, which were missed because they were situated in between the points examined by the OKP chart. In a further six eyes, the visual field defects were more than 15 degrees from fixation. The location and the extent of these field defects are described in Figure 7 .
A total of 189 controls (83 male, 106 female; aged 19-86) were examined. Three patients were found to have unequivocal visual field loss on conventional perimetry and were excluded from the study. The results were considered according to age groups and are summarised in Figure 4A . The false positive result rate was 1% in patients under the age of 60 years, 9% between the ages of 60-70 years, and 13% over the age of 70 years. (Fig 8B) . None of the 13 'glaucoma suspect' eyes of 13 patients produced an abnormal OKP result. None of the control cases produced a false positive OKP test result. The relationship between the sensitivity of the OKP glaucoma screening test and stimulus surface area in patients over the age 60 years is shown in Figure 9 .
Discussion
When testing the visual field, the examination should always be as sensitive as possible. However, it is important to adapt the examination strategy and the sensitivity according to circumstances such as the patient's level of cooperation, the time available, and the expertise of the examiner. When, for example, a highly cooperative glaucoma suspect with a raised intraocular pressure is being examined for glaucomatous visual field loss, it would.be ideal if automated threshold static perimetry was performed. However, when examining an uncooperative patient or when large numbers of apparently healthy individuals are being screened randomly by nonspecialists in the community, such exquisite sensitivity cannot be achieved. This is because the automated threshold perimetry would be too difficult and laborious for many patients and too time consuming and expensive for the examiner.25-29 Additionally, highly sensitive perimetry would detect many people with subtle defects caused by various conditions such as refractive errors, media opacities, and such individuals would unnecessarily be referred for specialist opinion. Without deviating from the fundamental principle of striving for maximum sensitivity, it is, therefore, necessary to make compromises if screening for glaucomatous visual field loss is to become routine practice in the community. Despite the availability of tono- (n = 144) Figure 9 The relationship between the oculokinetic perimetry glaucoma screening chart stimulus size (area) and positive result rate according to severity ofglaucomatous visualfield loss.
community The findings of the present study suggest that when a 1-5 mm stimulus is used, the 26 number OKP chart does indeed detect large, dense areas of visual field loss within the central 15 degree field, with a false positive result of about 10% in apparently healthy individuals in the seventh decade of life. Such results are similar to those predicted in previous studies.'718 The false positive rate diminishes to a low level of approximately 1% when the diameter of the stimulus is increased to 3 mm, but at the cost ofmissing eyes with only relative glaucomatous visual field defects. There are two main conclusions to be drawn from such results. Firstly, the OKP glaucoma screening chart should be used only in combination with ophthalmoscopy and tonometry, if possible, and not as a substitute for these tests. Secondly, it would seem useful to vary the size of the stimulus according to the age and visual acuity of the patient (Table 2) . Whether or not the test is universally useful cannot be concluded from the present investigation and will depend on the circumstances in which it is applied and the way in which patients are managed when a positive result is obtained. Additionally, oculokinetic perimetry is user This study has led to a number of revisions in the design of the OKP chart. This has three interchangeable stimuli which are 1 mm, 2 mm, and 3 mm in diameter, which could be selected according to the visual acuity and the age of the patient in order to improve the ratio between sensitivity and specificity. The visibility ofa dark stimulus on a bright background is more constant under variable lighting conditions than a reflective light stimulus on a dark background.3132 A black stimulus is therefore preferable for the OKP glaucoma test, which is intended for use in the community, where standardisation of the ambient illumination is impractical. It is tempting to vary the contrast instead ofthe size, but as with white stimuli, grey stimuli would require the illumination to be carefully standardised. Peripheral contrast sensitivity is known to be reduced in glaucoma,33 and preliminary studies suggest that dark on bright stimuli may detect defects which are missed by conventional luminous stimuli.3"
In the present study, the discrepancy between the results of the OKP glaucoma test and conventional perimetry in the 'glaucoma suspect' eyes may partly be due to this factor, but probably reflects the false negative results with the conventional manual perimetry and false positive results with the OKP test caused by reduced visual acuity. Such problems may not have occurred if automated threshold perimetry had been used instead of automated suprathreshold and manual perimetry. However, this would have resulted in a biased sample of patients, because it is known that many individuals are not cooperative enough for automated threshold perimetry. In any case, the OKP chart under investigation was designed to detect dense visual field loss which was readily identified with the conventional perimeters used in the study.
The introduction of interchangeable stimuli allows the visual field to be examined to [25] [26] [27] [28] [29] [30] degrees with the hand-held chart. This change inevitably increases the number of fixation targets from 26 to 60 but has the advantage of making the hand-held chart useful not only for glaucoma detection but also for other purposes. In the new version of the chart, the sequence of the numbers is reversed, so that they spiral outwards instead of inwards, thereby making it easier for the examiner to decide whether to examine only the central 15 degrees or the central 25 degrees of the visual field from fixation.
The current strategy for testing the blind spot is designed to help the patient to position the chart correctly, to understand the principle of the examination and, in addition, to help the examiner to assess the patient's -reliability. A more efficient method of achieving these objectives, however, might be for the blind spot to be discovered by the patient in exactly the same way as abnormal scotomas are detected, using numbered fixation targets.38 Accordingly, the revised version of the chart is designed so as to test the blind spot three times. This strategy makes it easier for the examiner to decide whether it is safe to leave the stimulus constantly exposed or whether to cover and uncover the stimulus with a white card with the patient indicating when the stimulus appears and disappears.
In the present study, the result was considered abnormal only if any points were consistently missed when the examination was repeated.
However, we have shown that such criteria result in small relative defects being missed; a better method of confirming the presence of a defect would be to cover and uncover the test stimulus as described above. It has been suggested that OKP may give spurious results because of the Troxler phenomenon when the stimnulus is left constantly exposed.39 Although this should not happen when the patient looks at each number for only 1 second, as currently recommended, the possibility of false positive results is reduced even further when the stimulus is made to appear and disappear, so that this precaution should be taken routinely when an abnormal result is suspected.
In conclusion, this study gives an indication of the results that can be expected in different age groups with the 26 number OKP glaucoma screening chart. The investigation has also enabled several revisions for the chart to be made, which should increase the scope of the test in situations where conventional perimetry is not possible. 
